. Sequence alignment adapted from reference (1) Each enzyme is loaded following Ni-affinity, size exclusion and hydroxyapetite purification as described previously.
S3
(1) Protein bands corresponding to the mass expected for the large (HyaB) and small (HyaA) subunit are indicated. Figure S6 ).
S11
Canopy waters of the P508A variant Figure S6 : Water structure within the catalytic center of the P508A variant. There are nine highly ordered water molecules (red spheres) within a 9 Å radius of the guanidinium head group of R509 present in the P508A variant that are also present in native Hyd-1 and other canopy variants.
(1) The change in shape and size of residue 508 in P508A allows an additional water molecule to enter the active site (cyan sphere).
Determination of the pH optima for native Hyd-1 and canopy variants
In order to ensure that solution assay measurements were carried out close to optimal pH conditions in all cases, the pH dependence of activity for each variant was determined electrochemically from the catalytic H 2 oxidation current at 0 V (0.1 V for D118N/D574N and D574N). A single electrode modified with a film of enzyme was transferred from a H 2 -saturated buffer solution at pH 6.0 to other H 2 -saturated solutions over the pH range 3.09.0, returning periodically to pH 6.0 to correct for any film loss.(3) All enzymes showed a similar trend for activity (normalized current) reflecting the change in driving force for H 2 oxidation with pH and the increased formation of Ni-B with increasing pH. The optimal pH, where activity is maximal, differs between the variants ( Figure S7 ) but activity is still >80% for all variants at pH 6.0.
Figure S7: Determination of the pH optima for native Hyd-1 and canopy variants.
Chronoamperometry experiments at 0 V (0.1 V for D118N/D574N and D574N, see text) were performed in 100% H 2 . Initially the cell buffer solution was pH 6.0 and once the current had stabilized it was exchanged for different pH buffers in the range pH 3.0-9.0. The buffer was returned to pH 6 periodically to allow for film loss correction. The current at each pH was then normalized to the highest current. Other conditions: 30 o C,  = 1000 rpm, total gas flow = 500 scc min
1

Electrocatalytic profiles of native Hyd-1 and canopy variants
The electrocatalytic window of H 2 oxidation for each variant was produced as follows: the enzyme film was exhaustively inactivated at high potential (+0.391 V) and pH 9 under an atmosphere of Ar for 10 000 s; the potential was then scanned from high to low potential at a very slow scan rate (0.1 mVs
1
).
Figure S8: Protein film electrochemistry of native Hyd-1 and the canopy variants.
Electrocatalytic profile of Hyd-1 enzymes were produced by linear sweep voltammetry scanning from +0.39 to 0.60 V (black arrow) at a scan rate of 0.1 mVs 1 following anaerobic inactivation of the enzyme film as previously described.
(1) The voltammograms were normalized with respect to the maximum current to allow for comparison of shape and potential markers, rather than current amplitude which varies depending on film quality and history. All enzymes show the same onset potential for hydrogen oxidation (red arrow) but the potential at which the maximum current occurs shifts to more negative potentials as D118 and D574 are changed to neutral residues. All experiments were performed at pH 6, 30 o C, = 3000 rpm, 100% H 2 , total gas flow rate = 1000 scc min
1
Example Eyring plots for native Hyd-1, D118A and R509K
Eyring plots for Hyd-1, D118A and R509K are shown below. In addition to the 'standard' Eyring plots, the hypothesis that the substitution of proline with alanine would result in the de-stabilization of the protein was investigated by extending the temperature range used: cyclic voltammograms were scanned between 0.66 and +0.24 V at a scan rate of 5 mV s 1 between 10 and 65 o C. The temperature was returned to 30 o C at regular intervals to allow for film loss correction.(3) All the resulting Eyring plots (not shown) were linear, similar to native Hyd-1, showing that P508A did not exhibit a reduction in thermal stability within the temperature range used to determine activation enthalpies. Other conditions: pH 6,  = 1000 rpm, 100 % H 2 with a total gas flow rate = 500 scc min 1 .
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Determination of the activation entropy difference (S ‡ ) between native Hyd-1 and R509K
The difference in the entropy of activation of native Hyd-1 (S 1 ‡ ) and R509K (S 2 ‡ ) was calculated from the ratio of the turnover rates (k 1 and k 2 , respectively) determined by conventional solution assay, and the enthalpies of activation (H 1 ‡ and H 2 ‡ , respectively) determined by PFE (Table 1) The value for S ‡ can also be found by calculating the entropy of activation for native Hyd-1 (S 1 ‡ ): The difference in the entropy of activation between native Hyd-1 and R509K is then: The constant H 2 flow into the cell headspace and slow scan rate ensured all O 2 is flushed from the system by the time the reverse scan begins. For D118N/D574N and D574N, the experiment was repeated with O 2 -saturated buffer injection at a more reducing potential, 0.125 and 0.113 V respectively (lower panels), to compensate for the differences in E switch ( Figure S8 ). Under these adjusted conditions, following the O 2 injection, the H 2 oxidation current for D118N/D574N and D574N begins to increase before anaerobic inactivation occurs at high potential (marked by *). All experiments were performed at pH 6 and 30 o C,  = 3000 rpm, total gas flow rate = 1000 scc min 1 S18 D118A at 0 V Figure S11 : Effect of continuous exposure to oxygen on the H 2 oxidation activity for native Hyd-1 and canopy variants Chronoamperometry experiments measured the current at 0 V in 100% H 2 for the first 700 s before stepping to 10% H 2 . After 1100 s, O 2 was added to the headspace and the concentration increased at successive 600 s intervals until all H 2 oxidation current was lost or 10% O 2 was reached. After 5000 s, the O 2 flow was stopped and the headspace gas returned to 100% H 2 . After 2000 s at 100% H 2 , the enzyme films were held at low potential and the current response at 0 V monitored to determine if any reactivation occurred (not shown). The same experiment was repeated at a more reducing potential for Ni-B reactivation for D118N/D574N and D574N (0.125 and 0.113 V respectively) to account for differences in E switch ( Figure S8 ). It was also repeated at 80% H 2 for D118A to account for the high H 2 (note, as expected, there is a significant drop in H 2 oxidation current when the headspace gas is changed to 10% H 2 , as indicated by *). Conditions: pH 6, 30 o C,  = 3000 rpm, carrier gas = Ar, total gas flow rate = 1000 scc min
1
Figure S12: Effect of continuous exposure to CO on the H 2 oxidation activity for Native Hyd-1 and canopy variants. The left panel shows a comparison of Hyd-1with the O 2 -sensitive hydrogenase Hyd-2 from E. coli, while the right panel shows an enlargement of the Hyd-1 data comparing native and canopy variants. Chronoamperometry experiments were used to measure the current at 0.06 V in 20% H 2 as previously described.(4, 5) After 700 s, CO was added to the headspace and the concentration increased at successive intervals until 20% CO was reached whilst maintaining 20% H 2 . After 6200 s, the CO flow was stopped and the headspace returned to 20% H 2 . The experiment was repeated in 80% H 2 for D118A to account for the high H 2 . Conditions: pH 6, 30 o C, ω = 3000 rpm carrier gas = Ar, total gas flow rate = 500 scc min to produce an appreciable current at pH 3.0 and 1% H 2 . The current at each potential was averaged to eliminate the capacitive (non-Faradaic) current. The current at the Nernst potential was then subtracted from the current at each potential so that the voltammogram crossed the zero-current axis at the thermodynamically correct potential as is seen in native Hyd-1 and the other variants. Conditions = 37 o C,  = 3000 rpm, carrier gas = Ar, total gas flow rate = 1000 scc min 1
